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Abstract- Our project is to design an exhaust manifold for a 
car. The goal is to make a new high performance turbo header 
designed to increase the power and efficiency out of the 1.8 liter 
engine at an affordable price. The three design alternatives are 
based on small restriction which creates less friction and a 
cooler working manifold for better performance and longer 
life. 
Keywords- Normal Manifold, Design Alternative,
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I. INTRODUCTION 
An exhaust manifold is a device that has the function of 
transmitting the exhaust gases from multiple cylinders 
through tubes into a collector. Our project is based on a 
design and the study of a revolutionary turbo manifold that 
will surpass the only company producing this exhausts in 
price, quality and performance, the studies that will be 
accomplished to achieve these goals are based on CFD 
analysis, simulations studies of structure, thermal analysis of 
the fluid and the metal involved. The primary reason for the 
thermo mechanical Fatigue cracking is the significantly 
increasing gas temperatures. Those temperatures have 
increase because of market demands for high specific power 
and regulations requiring low   emissions. The increasing 
gas temperature is equated to three main failure mechanisms 
within the exhaust manifolds 
 Oxidation (environmental effects)
 Creep (time effects) 
 Mechanical fatigue (cyclic plasticity)
II. MANIFOLD CONFIGURATIONS
III. DESIGN OPTIMIZATION
 
Every design has its own geometry in terms of angles, 
shapes and length. All three design alternatives have been 
made with the purpose of being creative, unique, in order to 
have three good options to eventually select the optimal 
design. Having this in mind we developed each design 
alternative in such a way that inclination angles an
intersections of the pipes are completely different one from 
another, as well as the collector design. For all three designs 
we used the same values and shapes for parameters such as, 
internal diameter of the pipes and size of the leads. Having 
such parameters with the same values will allow us to 
compare the results obtained after a flow simulation analysis 
on each specific design. The flow simulation study analyzes 
parameters such as, average velocity, maximum velocity, 
total pressure and average pressure of the exhaust gases. As 
part of the results we are also able to visualize the areas in 
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Fig.1. Normal Manifold
 
The designs of exhaust manifolds for a 1.8 L vary from 
very simple designs to designs with higher level of 
complexity. The design tested has
and outer pipes with 84° of inclination
manifolds are designed in such a way that the
head pipes run individually and converge at the 
collector. The head pipes can have multiple lengths, 
diameters, and shapes making each design unique since 
these factors have a direct effect in the volumetric flow 
efficiency of the manifold and pow
design uses tubular pipes and combines straight and 
inclined pipes. Some specifications of this product 
design include Stainless Steel T304, a wall thickness of 
1.6 mm and a turbo flange. In this design all tubular 
pipes have several inclina
converge at the collector, and the length of the pipes 
also changes in comparison to the length of pipes.
 
d 
the manifold where these parameters are maximum 
minimum.  
 
A. Design Alternative 1 
 
Fig.2. Design Alternative 1
 
Design alternative 1 is an assembly composed of t
pieces that all together cover five inches in length. One of 
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the main specifications of this design are the fact that the 
two middle pipes have an inclination of twelve degrees with 
the horizontal while the two outer pipes have eighty six 
degrees of inclination. The twelve degrees angle design 
Optimization  inclination of the middle pipes provides a 
better flow efficiency than other designs that use straight 
middle pipes because of the fact that these inclined pipes 
will eventually meet at a point when they are about to enter 
the collector reducing the flow resistance to a minimum and 
enhancing a smooth flow distribution. The collector was 
also designed in such a way that no obstruction to the 
exhaust gas flow will occur minimizing the output loss. The 
exhaust manifold design alternative 1 composed of the 
manifold flange, system of pipes, collector and turbo flange. 
Some specifications of the design alternative are an inner 
diameter of 2.0 inches, outer diameter of 2.38 inches with a 
thickness of 0.15 inches. 
B. Design Alternative 2 
 
 
Fig.3. Design Alternative 2 
 
Design alternative number two is based on a 
symmetrical type model. This model is straight. What 
we call straight is that the flange where the turbo will be 
mounted is perpendicular to the horizontal axis. This 
design has pipes with 2.077 inch inside diameter and 
thickness 0.154 inches (OD: 2.375) as well as most of 
the conceptual designs. What makes this turbo exhaust 
header a conceptual selection in this project is the way 
that the pipe angles are distributed throughout the 
model. The outer pipes have smooth radial angle of 
3.57 inches with an arc diameter of 4.34 inches. The 
two pipes that are located at the middle have a radius of 
9.24 inches and an arc of 4.06 inches. Open arcs create 
less constriction and coincidently more flow and lower 
temperatures. 
 
C. Design Alternative 3 
 
 
Fig.4. Design Alternative 3 
 
The last design we attempted was a top mounted 
ram horn. The ram horn is very popular among 
enthusiast with high HP builds. The main concern we 
had with trying a design with this configuration was the 
increased cost of making such a complicated geometry. 
Although the ram horn could also be molded and made 
out of cast iron, we thought that it would defeat the 
purpose of our design. We tested the design of the ram 
horn as far as flow and thermal and decided to minimize 
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its flowing characteristics. If we could design a modified log 
manifold and make it flow close as possible as the ram horn, 
we knew we had hit the sweet spot of cost and performance. 
We knew that a manifold with a ram horn decided was 
difficult to surpass since the average velocity in those 
manifolds are extremely high compared to anything we 
tried. In the next figure can be appreciated the ram horn 
manifold configuration, while in figure can be observed a 
flow simulation analysis. 
 
TABLE 1 
DIFFERENT ANGULAR CONFIGURATIONS FOR 
INNER AND OUTER PIPES 
Angular 
Configurations Inner Pipes Outer Pipes 
Angular 
Configurations 1 12º 86º 
Angular 
Configurations 2 11º 82º 
Angular 
Configurations 3 10º 73º 
 
 
IV. FEASIBLE DESIGN 
 
Any of the designs worked are feasible, any of them 
could be made into a real model and later tested and 
successfully used. We chose design number 1 simply 
because it had the best characteristics possible as compared 
to anything else we could have built. The design chose has 
some key benefits: 
 Simple design with small contractions and bents 
renders great flow numbers.  
 Simple to cast and weld since the amount of turns 
and cuts is minimal. 
 Geometry does not restrict materials in any way. 
 Tolerances are not as tight as with any other design 
except at the center where good closure is key to 
prevent having to make a greater bead of weld. 
 
V. COMPARISON OF NORMAL AND FEASIBLE 
VELOCITY FLOW ANALYSIS 
 
 
Fig.5. Normal Manifold Velocity Flow Distribution 
 
 
Fig.6. Flow Analysis Distribution of Feasible Design 
 
As we can see from Fig.5 and Fig.6 the velocity in 
the outer pipes is reduced considerably in comparison to 
the feasible design because of the straight pipes and the 
geometry of the collector. Also the speed in the inner 
pipes as well as in the collector in which due to the 
separation between the two inner pipes provokes a 
considerably speed reduction in the collector. The 
maximum average velocity obtained in the normal 
manifold was a value equal to 84.4 m/s which is much 
smaller than the average velocity obtained in the 
feasible design equal to 98.112 m/s. We can see that the 
flow distribution is uniform in the outer section of 
feasible design, whereas the flow distribution is non-
uniform in normal manifold. So, the design with higher 
velocity and uniform flow distribution must be taken up 
for consideration. 
 
VI. CONCLUSION 
 
 The higher average velocities mean that our design 
has a higher volumetric flow efficiency. 
 Due to higher velocities, scavenging is complete 
 Also the independent exhaust runners ensure good 
scavenging. 
 The Feasible design is not only going to be 
efficient and very unique but is proven that already 
possess much higher volumetric flow efficiency 
than models and design that exist in the market 
nowadays. 
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